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Soil inhabiting collembola show characteristic features which 
are related to specific conditions of their habitat. One of 
these special conditions consists of different concentrations 
of oxygen in the soil air and the atmosphere above. Decompo- 
sition processes, respiration of soil organisms, restricted 
flow of air and soil flooding can deplete the oxygen severe- 
ly. It can be expected that physiological adaptations should 
exist as a mechanism to survive this oxygen deficiency. 


The air-filled spaces between the soil particles are the li- 
ving quarters for many collembolan species. A soil flooding 
seems to cause extremely severe environmental conditions, es- 
pecially for those animals which are not brought to the sur- 
face through the hydrofuge properties of their cuticles. Ani- 
mals remaining underwater are mostly killed within a few 
hours. Only well-adapted species can persist in air-filled 
cavities, air bubbles or even in the water itself. 


Up to now, ecophysiological adaptations of submerged collem- 
bolans have attracted little attention. Only RUPPEL (1953) 
and ZINKLER (1966) have provided some data on the oxygen con- 
sumption of a few collembolan species in air at:reduced oxy- 
gen partial pressure. The purpose of the present investiga- 
tion was to study the ability of different collembolan "life 
forms", namely the surface-dwelling species Allacma fusca and 
Tomocerus flavescens, and the edaphic species Heteromurus ni- 
tidus and Folsomia candida, to survive low oxygen concentra- 
tions. 


a. Air breathing at normoxic and hypoxic conditions 


Survival in larger air-filled cavities surrounded by water 
seems to be the comparatively most undangerous situation for 
a springtail which has been forced to remain underwater. Ne- 
vertheless, oxygen supply may become a limiting factor if 
the oxygen partial pressure drops. Therefore, the oxygen con- 
sumptions of the four representatives were measured at norm- 
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oxic and hypoxic conditions with a highly sensitive Warburg 
apparatus (ZINKLER 1966). Low oxygen concentrations were ad- 
justed by a Wésthoff gas mixing pump. It was found that the 
oxygen uptake of the surface-dwelling A. fusca was affected 
far more readily by the conditions of a decreasing oxygen 
concentration than that of the three other species (Fig. 1). 
This different susceptibility might be related to the fact 
that Symphypleona possess a tracheal system whereas Arthro- 
pleona respire only through their body surface. Below an oxy- 
gen partial pressure of 20 mm Hg the two large surface-dwel- 
ling species became immobile. The mortality of A. fusca in- 
creased dramatically, whereas T. flavescens survived those 
conditions for at least two hours. The locomotion behaviour 
of the two edaphic species remained completely unaffected, 
even at 8 mm Hg oxygen partial pressure (approx. 1% 02). Ob- 
viously, these two species are well adapted in order to 
withstand extreme hypoxic conditions. 


b. Aquatic respiration 


The oxygen content of water is only 1/30 th of that of air. 
Obviously, the oxygen supply for animals which were submerged 
in water seems to be much more inauspicious than for those 
which have to survive in air-filled larger cavities. 


The tolerance to submersion in water was tested in a _ preli- 
minary experiment in which the animals were placed in small 
glass vials equipped with a plunger. Initially, all the ani- 
mals were enclosed by a small air bubble because the collem- 
bolans' cuticles are not readily wettable. The volume of the 
air bubble decreased until the remaining bubble finally dis- 
appeared after a few hours. Most specimens of the two edaphic 
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species survived periods of several days in initially air- 
saturated water, whereas the larger surface dwelling T. fla- 
vescens was killed in a few hours. 


The different survival rates may be due to different respira- 
tory requirements, a different capacity for osmoregulation, 
an ability to anaerobiosis or combinations of these factors. 
Therefore, the oxygen consumption of submerged F. candida was 
measured at 25 C using a Clark-electrode (YSI 53). Due to the 
small size of the animals, 10 specimens were placed into a 
microconversion of the standard respiration chamber (1.5 ml 
water) during each experiment . Their oxygen uptake is consi- 
derably high and remains nearly constant during a flooding 
period of six hours (Fig. 2). The oxygen demand of the sub- 
merged animals resembles that in air at a reduced oxygen par- 
tial pressure at 15 mm Hg. Two different oxygen stores, name- 
ly the air bubble (containing :-0.6 wl O2) and the water (8.7 
wl O2) are responsible for the animals' oxygen supply. In 
theory, the animals could draw on the air bubble's oxygen for 
less than one hour. In practise, the air bubble did not dis- 
appear until three hours. Obviously, the air bubble, which 
encloses the animals, acts not only as an oxygen store, but 
also as a compressible gas gill. Since oxygen is consumed by 
the animals, the oxygen content of the bubble decreases. 
This causes an inward diffusion of oxygen from the water into 
the bubble. However, nitrogen diffuses out. The bubble gradu- 
ally collapses as nitrogen is-lost. 

ls 


@ F. candida j 90 


A 0, saturation 


(%) wolyounyQs uaĵkxo 


a, Lae 
ltt be 


Oxygen consumption (yl 0,/g*h) 


—— è gp = 


1 2 3 6 5 6 7 8 8 ON tz 
Flooding period (hrs) 


Fig.2: Rate of oxygen consumption by F. candida at 25°c for 
increasing flooding periods. (A-A) decrease of oxygen satura- 
tion of the water due to the animals' respiration. 
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After a flooding period of six hours, the oxygen consumption 
of the animals decreases as the oxygen concentration in the 
water decreases (Fig.2). It can be concluded that at very low 
oxygen concentrations the oxygen-extracting capacity of the 
animals is probably not sufficient to meet their oxygen de- 
mand. A large part of the animals even survived anaerobic 
conditions reached at approx. 18 hours in this experiment. 
This result strongly suggests an ability of F. candida to to- 
lerate anoxia. 


c. Anaerobiosis 


In order to test the ability of different collembolan species 
to survive under anoxia, 2-15 animals of each of the three 
species were placed in separate Warburg flasks filled with 
moistened pure nitrogen. The survival rates during increasing 
time periods of anoxia at 18 C are presented in Fig.3. High 
mortality rates were observed in the case of T. flavescens 
and H. nitidus within a few hours, whereas F. candida survi- 
ved remarkably long exposures to anoxia. This result might 
probably be a consequence of ecological differences arising 
from the risk of the species to meet with anoxia. 


It is interesting which pathway of anaerobic energy produc- 
tion, either lactate or succinate fermentation, might be em- 
ployed by F. candida. Since lactate has been found to be an 
end product of anaerobic metabolism in overwintering collem- 
bolans (SØMME and CONRADI-LARSEN 1977), we tested at first 
the possibility of a lactate accumulation. 20-30 specimens 
of F. candida per flask were subjected to experimental an- 
aerobiosis for 18 hr at 18°C. The concentration of L-lactate 
was estimated enzymatically using a Farrand fluorimeter. 


Fig.3: Survival rates 
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A significant amount of lactate was found (14.51.7 ymoles/ 
g dry weight (n=3), respectively 330 ug lactate/g fresh 
weight). The values measured in the aerobic conttols were on- 
ly 1.6 umoles/g dry weight. However, further detailed studies 
are necessary to clearify the accumulation and degradation of 
anaerobic metabolites in collembolans. 
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Fig.4: Respiration of a springtail submerged in water. 


Conclusions 


Three differently effective ecophysiological adaptations to 
low oxygen concentrations were demonstrated in soil-dwelling 
collembolan species (Fig.4), whose biotopes are not regularly 
flooded. This result suggests that even more effective adap- 
tations may play an important role for micro-arthropods inha- 
biting periodically flooded areas such as parts of the Amazo- 
nian basin or South Moravian meadows. 
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